a Objective: Lung cancer screening with low-dose computed tomography (LDCT) of high-risk groups in the general population is recommended by several authorities. This may not be feasible in people living with HIV (PLWHIV) due to higher prevalence of nodules. We therefore assessed the prevalence of positive computed tomography (CT) images and lung cancers in PLWHIV.
Introduction
Lung cancer continues to be the leading cause of cancerrelated deaths worldwide. Several task forces in the United States currently recommend lung cancer screening in current or former smokers from the general population [1, 2] . These recommendations are primarily based on results from the National Lung Screening Trial (NLST), which demonstrated a 20% reduction in lung cancer-specific mortality when three annual low-dose computed tomographies (LDCTs) were compared with three annual rounds of chest radiograph screenings [3] . Lung cancer screening has not been fully implemented in Europe as there are still some important questions that need to be answered from trials in the European randomized lung cancer computed tomography (EUCT) screening trials; for example, determination of optimal populations for screening, and optimal algorithm for significant nodule determination and follow-up [4, 5] .
Lung cancer incidence may be particularly high in people living with HIV (PLWHIV) and exceed general population rates [6] [7] [8] . As in the general population, most PLWHIV with lung cancer are diagnosed at advanced, and thus noncurable, disease stages [9] . Screening recommendations in long-term smokers may, however, not be applicable in this population as the prevalence of nodules may be particularly high and lead to inappropriate medical interventions. Moreover, the morbidity associated with diagnostic procedures, such as pneumothorax during lung biopsy, may confer a higher risk in PLWHIV due to a high prevalence of respiratory comorbidity, including emphysema [10, 11] . We assessed the incidental prevalence of lung cancers, positive computed tomography (CT) images, procedures, adverse events, and risk factors associated with a positive image in a large cohort study of PLWHIV undergoing LDCT of the chest.
Methods
The Copenhagen comorbidity in HIV infection study (NCT02382822) is a prospective study evaluating the burden and mechanisms of non-AIDS comorbidity in PLWHIV in Copenhagen, Denmark [12] . Patients were informed about the potential benefits and limitations of LDCT before their participation. Each patient filled out a consent form and had to state whether they wanted to be notified and referred if a positive image was detected. All patients wished to be notified. All images were read by two board-certified radiologists (T.K. and A.K.) who recommended diagnostic follow-up if malignancy was suspected. Subsequent management of participants, including the decision to perform repeat imaging or invasive procedures, was left to the clinicians they were referred to.
Primary outcomes included a positive image and histologically proven lung cancer. A positive image was defined as one/multiple solid/semisolid pulmonary noncalcified nodule(s) (5 mm) or nonnodular lesions suggestive of malignancy, for example, masses, focal ground glass opacity, major atelectasis, endobronchial lesions, pleural effusion, pleural masses, or significant adenopathy [13] . Clinical significant abnormalities of the lungs requiring further clinical evaluation, but not suggestive of malignancy (i.e., pulmonary fibrosis, infectious processes), were recorded as well. Outcomes were assessed for the entire study population and the subgroup with high risk for lung cancer, that is, 50-74 years of age and more than 30 pack-years (current or former smokers). A LDCT protocol was applied by using an Aquillion One scanner (Toshiba Medical Systems, Otawara, Tochigi, Japan) as previously described [12] . In brief, images were acquired at suspended full inspiration by using 120 kV and tube current modulation (SureExposure with SD15). Images were reconstructed with AIDR3D in both 1/1-mm slices lung kernel (FC52) and 3/3-mm slices (soft tissue kernel FC08). Median (range) irradiation dose for 20 random participants with median (range) weight 75 kg (69-109) was 2.5 mSV (1.4-5.1).
Statistical analysis
A 95%-binomial confidence interval (CI) for all outcomes was calculated. Student's t tests or Mann-Whitney U tests were used for comparison of continuous data and Fisher's exact test was used for categorical data. We assessed whether current CD4 þ T lymphocyte count, CD4 þ T lymphocyte nadir, or past Pneumocystis pneumonia (PCP) (each predictor modeled separately) was associated with a positive image by multivariate logistic regression with age and pack-years as covariates. A P value less than 0.05 was used to infer statistical significance. Statistical analyses were performed using R software version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria) [14] .
Results
In total, 901 PLWHIV underwent a LDCT of the chest (Table 1) . This included 113 with high risk for lung cancer. Median [IQR (interquartile range)] age of the entire population was 50.4 (43.5-59.0) years and 60.3 (53.8-65.2) years of the subpopulation. A final diagnosis of lung cancer was reached in three individuals, all of whom were in the high-risk group, constituting 2.7% (95% CI: 0.9-7.5) of this subset. An incidental positive image was identified in 3.1% (95% CI: 2.2-4.5) of the entire cohort and in 9.7% (95% CI: 5.5-16.6) of the high-risk subset.
Patients (n ¼ 28) with a positive image were followed for a median time of 14.6 months, IQR 10-17 months. All individuals with a positive CT image adhered to followup scans. Clinical follow-up of these individuals revealed pulmonary cancer (3/28), two nonpulmonary cancers (2/ 28; one diagnosed with thymoma and one diagnosed with both pulmonary, vulvar, and anal cancer), a progressed CT image (1/28; this patient was awaiting further diagnostic work-up), a regressed CT image (4/28), and a stabile image (9/28). Three individuals had follow-up scans pending. The remaining six individuals were not referred for follow-up as a positive image could be identified on a previous scan. A PET-CT was carried out in 11/28 of those with a positive image, 6/28 individuals had one follow-up CT scan, 7/28 individuals had two follow-up CT scans, and 1/28 had three follow-up CT scans. In addition, 12 individuals, that is 1.3% (95% CI 0.8-2.3), had clinical significant findings that were not suggestive of malignancy. Invasive procedures were not performed in this group, but 5/12 had an additional CT scan that was stable or showed regression.
Invasive diagnostic procedures were performed in nine patients and included seven bronchoscopies with transbronchial biopsies, one CT-guided transthoracic fine-needle aspiration biopsy (CT-guided), one ultrasonically-guided needle biopsy, and five video-assisted thoracic surgeries (Table 2) . Three localized and selfresolving pneumothoraxes occurred during these procedures of which none required intervention.
After adjusting for age and cumulative smoking, a current CD4 þ T lymphocyte count less than 500 cells/ml and CD4 þ T lymphocyte nadir less than 200 cells/ml were each associated with increased odds of a positive image [odds ratio (OR) 2.32 (95% CI: 1.01-5.13, P ¼ 0.04)] and OR 2.63 (95% CI: 1.13-6.66, P ¼ 0.03), respectively. Furthermore, a previous history of PCP [OR 4 .32 (95% CI: 1.34-11.9), P ¼ 0.01] was independently associated with a positive image.
Discussion
In this study, we identified 2.7% with lung cancer (i.e., 38 LDCTs were required to detect one lung cancer) and a positive CT in 9.7% of those at high risk of lung cancer, which is comparable with screening results from the Danish general population [15] . Three lung cancers (nonsmall cell lung adenocarcinoma stages IA, IIA, and IIIA) were surgically treated without signs of relapse at follow-up. Invasive procedures were also rare in our cohort and half of them were associated with a diagnosis of malignancy. Lung cancer prevention and early detection among PLWHIV has recently received attention. Two previous studies assessed the feasibility of lung cancer screening in HIV-infected individuals. A Baltimore study of 224 current or former smokers, which also included younger patients (median age 48), was not promising, given that adherence was poor and only one case of lung cancer was detected [16] . The French ANRS (France REcherche Nord & Sud Sida-HIV et Hépatites) feasibility study of 442 HIV-infected smokers more than 40 years and with CD4 þ nadir less than 350 cells/ml showed that nodule screening was well tolerated and mostly diagnosed lung cancers in early stages [17] . Moreover, adherence of follow-up scans was also high in the ANRS study. This study also indicated that prior immunodeficiency may lower the inferior age limit of screening in presence of conventional risk factors, which is also in line with observational data showing an association between immunodeficiency and incidence of lung cancer [18] .
Our results are comparable with the results from the ANRS study, in which a LDCT-detected lung cancer was found in 2%. However, the median age of participants with lung cancers tended to be slightly younger in this study with eight cancers out of 10 below 55 years of age. The ANRS study reported a positive CT image in 20%, which was higher than in the current study. Scan positivity provides a rough measure of the rate of false positives, and the difference is likely to represent the inclusion criteria used in the ANRS; for example, low CD4 þ nadir. Indeed, we also confirmed data from a previous retrospective study of 160 HIV-infected individuals veterans enrolled in the EXHALE (Examinations of HIV Associated Lung Emphysema) study showing an independent association between immunodeficiency and scan findings [19] .
The current study has several limitations. There is no standard definition for incidental positive images. A positive image was primarily based on nodule diameter as in the NLST and several other EUCT trials rather than volumetric assessment [5] . Other thresholds for nodule positivity have been used, but we decided to use 5 mm as was done in the ANRS study [17] . Moreover, a standardized workup algorithm was not used. Although a large number of LDCTwas performed in this study, only 113 were considered to be in the high-risk subset. Thus, the lung cancer prevalence estimate from this group must be interpreted with some caution. We also used an age threshold below the NLST (55 years) to define the highrisk subset but similar to other LDCT trials [15, 20] . Finally, this study provides information on outcomes of the initial findings, repeat CT scans were not performed, and for a few individuals, follow-up is still ongoing.
In conclusion, lung cancer prevalence and the prevalence of positive CT images in PLWHIV with conventional risk factors for lung cancer resemble screening results from the general population. However, data from interventional trials in PLWHIV are nonexistent, and barriers to successful implementation of LDCT screening may be different. Ongoing studies have been designed to develop lung cancer risk prediction models and improve knowledge on the harms, benefits, and costs of lung cancer screening in this population [21] , which may eventually improve lung cancer outcomes in PLWHIV.
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